US009409416B2

a2z United States Patent (10) Patent No.: US 9,409,416 B2
Onodera et al. (45) Date of Patent: Aug. 9, 2016
(54) RECORDING MEDIUM HEATING USPC ottt 347/171
APPARATUS AND SYSTEM INCLUDING THE See application file for complete search history.
RECORDING MEDIUM HEATING
APPARATUS (56) References Cited
(71) Applicants:Ken Onodera, Ibare.lki (JP); Genichiroh U.S. PATENT DOCUMENTS
Kawamichi, Ibaraki (JP); Yasuhide
Nakazawa, [baraki (JP); Yutaka 6,079,330 A 6/2000 Aoki et al.
Nagasawa, [baraki (JP); Shinji 7,123,281 B2* 10/2006 Okada ...........cccooceo B41J 2/32
~ 347/228
Nagayama, Ibaraki (JP) 2002/0027587 AL*  3/2002 SUgaya .oeovrornn. B41J 22114
(72) Inventors: Ken Onodera, Ibaraki (JP); Genichiroh 347/104
Kawamichi, Ibaraki (JP); Yasuhide 2002/0105630 A1* 82002 Hashiguchi ....... GO3D 13/002
, ki (JP); 355/405
Nakazawa, Ibaraki (IP); Yutaka 2005/0280689 Al* 12/2005 Preszleretal. .......... 347/171
Nagasawa, [baraki (JP); Shinji .
Nagayama, Ibaraki (JP) (Continued)
(73) Assignees: RICOH COMPANY, LTD., Tokyo (JP); FOREIGN PATENT DOCUMENTS
SCREEN HOLDINGS CO., LTD.,
Kyoto-shi (JP) JP 10-202839 8/1998
N . . . . . Jp 2008214805 A * 9/2008
(*) Notice: Subject to any disclaimer, the term of this WO WO 2008108010 Al * 9/2008
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days. OTHER PUBLICATIONS
(21) Appl. No.: 14/151,311 Machine generated English translation of JP 2008-214805A to Sato
(22) Filed: Jan. 9, 2014 Ryohei, “Image-Forming Device and Heating Device,” Sep. 18,
2008, J. Patent Offi C1-15%
(65) Prior Publication Data > apan Fatent e, bp
US 2014/0232797 A1~ Aug. 21,2014 Primary Examiner — Bric Lin
(30) Foreign Application Priority Data Assistant Examiner — Tracey McMillon .
(74) Attorney, Agent, or Firm — Oblon, McClelland, Maier
Feb. 19,2013 (IP) ccecevevveireccccnen 2013-030361 & Neustadt, L.L.P
Oct. 29,2013 (JP) wevverecieieececineercenae 2013-224628
(51) Int.ClL 57 ABSTRACT
B41J 2/01 (2006.01) A recording medium heating apparatus includes a plurality of
B41F 23/04 (2006.01) heat rollers disposed in a feeding path of a recording medium
B41F 3/52 (2006.01) and having respective heating units; and a control unit con-
F26B 320 (2006.01) trolling temperatures of the heating units so that the tempera-
B41J 11/00 (2006.01) ture of a first heat roller is lower than the temperature of a
(52) US.CL second heatroller. Further, the first and the second heat rollers
CPC i B41J 11/002 (2013.01); B41F 3/52 are included in the plurality of heat rollers and the first heat
(2013.01); B41F 23/042 (2013.01); F26B 3/20 roller is disposed on the upstream side of the second heat
(2013.01) roller in the feeding path.
(58) Field of Classification Search

CPC ... B41J 11/002; B41J 2/315; B41J 2202/34

9 Claims, 15 Drawing Sheets

120
G?b BFa s;b 51a 41b 4“13 S

70—

L]

60b 602
Db
60

0
§0b 50a 40b 40a 10
IR Ve b e

50 40

110 0



US 9,409,416 B2

Page 2
(56) References Cited 2011/0267393 Al* 11/2011 Okamoto .............. B41J 11/002
347/14
U.S. PATENT DOCUMENTS 2012/0200651 Al* 82012 Sasada ............ B41M 5/0017
347/102
2006/0284929 Al* 12/2006 Matsuzawa ............ B41J2/2114 2013/0293617 Al* 112013 Suzukietal. ................. 347/16
347/43

2009/0244235 A1* 10/2009 HOUJOU ...ovvvvorrereriinnee 347/102 * cited by examiner



U.S. Patent Aug. 9,2016 Sheet 1 of 15 US 9,409,416 B2

FIG.1
100
120
61b 61a 51b 51a 41b 41a S
————1—80
i
" '(D AN 0'
20
\ \ \ \ \
60b 60a 50b 50a 40b 40a 10
~— 7 e
60 50 40
( 30



U.S. Patent Aug. 9,2016 Sheet 2 of 15 US 9,409,416 B2

FIG.2
100
7 ________________ 120
i 80 i
10— ~70 |
30— : ~41a !
| 42a— ~41b |
| 42b— ~51a |
| 52a— 51 |
| 52b— ~61a !
| 62a— 61b |
| 62b-— i
FIG.3
A
W ____________________________________________
AMOUNT OF
HEAT SUPPLIED
TO RECORDING
MEDIUM
Wi

FIRST HEAT SECOND HEAT THIRD HEAT
ROLLER SET ROLLER SET ROLLER SET

HEAT ROLLER SETS



U.S. Patent Aug. 9,2016 Sheet 3 of 15 US 9,409,416 B2

FIG.4
220
350
61b 61a 51b 51a 41b 41a S
————1—80
~ i
70—
20
| \ \ \ \
60b 60a 50b 50a 40b 40a 10
e e N
60 50 40
336
335
{

330



US 9,409,416 B2

Sheet 4 of 15

Aug. 9, 2016

U.S. Patent

FIG.5

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII




U.S. Patent

FIG.6

Aug. 9,2016

200

Sheet 5 of 15
H
o
N T~
N
\ :ﬂ
al
o
oD T~
N
S
N =
2 5
\
o
© T~
N
o
™~
N

US 9,409,416 B2



U.S. Patent Aug. 9,2016 Sheet 6 of 15 US 9,409,416 B2

FIG.7

350 60b 60a 50b 50a 40b 40a 220

\ 61b|61a/51b|51al41b 41aj

R Sy i
il

\I

| 0 |
360—| | 4 |
359\&% i
70— | |
| |
382 381 : ]
230 | |\ )|
AT
| :I
| |
| k @)
| e
| WY 1
| fesaSasss
IRNIAR
| I
{[isic
|
A —
Skt S i A J

(/ 384 | 386 385/ 338 {331 332l/ '/ AL
380 383 339 337 340 320



U.S. Patent Aug. 9,2016 Sheet 7 of 15 US 9,409,416 B2

FIG.8

324

325

325




U.S. Patent Aug. 9,2016 Sheet 8 of 15 US 9,409,416 B2

FIG.9

100-A
120-A
61b 61a 51b 5la 4}b 4?a &
I 121
| |——1-80-A
140
§

| |
60b_60a, 50b 50a, 40b 40a 10

60 50 40

hii 8

113 111 112
1 {
94 93 ¢

130 110

\ 4




U.S. Patent

19

Aug. 9, 2016 Sheet 9 of 15 US 9,409,416 B2
FIG.10
12S0_A
121
Ojﬂ
60b 61b 50b 51b 40b 41b
20

C <_L 10

™122




US 9,409,416 B2

Sheet 10 of 15

Aug. 9,2016

U.S. Patent

HOSN3S LI1LN0 | | | | AHOWIW | | ¥ITI0Y
L 7 N v8~ % oL
m ndo ;
YOSN3S — : HOSN3S
29— SEINES : : SEINE ez
aTs ' | NOILOTS NOILO3S | ! <375
HOSN3S ” ._oozE.QOO TOHLNOD |~ HOSN3S
| | DNILY3H ONILYIH | |
azs— 43lvaH 1 30V44NS 30VNS [ ¥31vaH B2
| | ~LNOY4 -dvay | | =
HOSN3S L4 m . | 23 HOSN3S
Qzy H31v3aH ; ; H3Lv3IH —~egy
qiy 187 B ~~78 | ey
iad v-08""" =7zl
v-0z” 1 O J _NowoIs . TINV L'
104.LNOD 1NIHd NOILLYY3dO
26~ 06~ 0Ll
Y
: S Em_é% [ 6y T SNING0d TV
SNLvYvddy NOLLO3S «ls - AL
SNIGNIM Oz.“.\wqaaaw ONITIOMINOD [T JOV4HNS-HvY3I
_ -33HS + | ONINYOS IOV =—* LINA ONINEO4 JOVAI
ovl o€l 30v44NS-1NOYA a
NOLLO3S .
¥37704 |_Om._.zoﬁw HNIg33d| V6 LINA ONIG334 g1l
e~ 4 006~ 4 )




U.S. Patent Aug. 9,2016 Sheet 11 of 15 US 9,409,416 B2

FIG.12

L -7 Wea
RECORDING MEDIUM

REAR-SURFACE —— Wéb
HEAT ROLLER GROUP | --

AMOUNT OF
HEAT SUPPLIED
TO RECORDING

MEDIUM

W5b  RECORDING MEDIUM
FRONT-SURFACE
HEAT ROLLER GROUP

FIRST HEAT SECOND HEAT THIRD HEAT
ROLLER SET ROLLER SET ROLLER SET

HEAT ROLLER SETS



U.S. Patent Aug. 9,2016 Sheet 12 of 15 US 9,409,416 B2

FIG.13

(START PRINTING )~S100

r- S101
START PRINT PREPARATION

¥
ACQUIRE INFORMATION OF PRINTING STATE - S5102

-RECORDING MEDIUM
-FEEDING OF MEDIUM

RECORDED STATE: SINGLE SIDE
HEAT BOTH SII)DE OR SINGLE

BOTH SIDE

S104

INCREASE TEMPERATURE 5106

OF HEAT ROLLER SET SURFACE SELEGT I ON: REAR SURFACE
X HEAT FRONT OR REAR

SURFACE ?

_S$107b
ATURE ? INCREASE TEMPERATURE INCREASE TEMPERATURE
YES OF RECORDING MEDIUM OF RECORDING MEDIUM
FRONT—-SURFACE HEAT REAR-SURFACE HEAT
ROLLER GROUP ROLLER GROUP
$108

COMPLETE INCREASE OF TEMPERATURE ?

, _S109

RECORDING APPARATUS ON
FEEDING ON
START PRINTING

YES

COMPLETE INK APPLICGATION BY RECORDING APPARATUS I’JSH1

)

IS EDGE END OF INK
APPLIED PART EXHAUSTED FROM OUTLET OF
HEAT ING APPARATUS ?

NO

COMPLETE DRYING BY HEATING APPARATUS |—S113
(HEATER OFF)
¥

| stop ENTIRE FEEDING }~S114




U.S. Patent

79

Aug. 9, 2016 Sheet 13 of 15 US 9,409,416 B2
FIG.14
350-A
™—351
O/ﬂ
60b 61b 50b 51b 40b 41b
20

c / 10

1™~352




U.S. Patent

Aug. 9, 2016 Sheet 14 of 15 US 9,409,416 B2
330\ /450 390
33, 2210 222 || 22
REAR-SURFACE 31
APPL | CAT 10N ROLLER|
UNTT L | ROLLER| 35
34 CATION
CONTORL | | SONTROL ROLLER
FRONT-SURFACE SECTION | | SECTION £g
APPL | CAT | ON ROLLER{
UNIT 80
DANCER |~
— 3 UNIT
350-A._
S et AR ISR Bl
| 351 _.80-B |
AN I N - __?___,I ~352 |
| 4la__ | 82 81 f __41b i
| H ' |
| 423 |HEATER [ A U eater| 420 |
| ) ' |
|| [SENSORF=—— | g =1 SENSOR |
1= =~ || REAR- FRONT- |! = n
a ! ) |
‘. |HEATER {1+ SURFACE SURFACE 1 HHEATER| 92D
| | [HEAT ING HEAT ING|: !
|| |SENSOR : CONTROL CONTROL | SENSOR |
| 6la__ ' |SECTION SECTION|: _—61b |
| i ! |
| 622 |HEATER i HH HEATER| 62D !
|| |SENSOR : : SENSOR !
| : Y ¥ ! I
: i y y A | ! :
| ; GPU : i
| ) ) T — ! |
l 70\\ ! v /J84 83 : /_/71 |
| : ! |
| ROLLER ! | R |
| | | MEMORY | !
| ! | [
| ) . |
l oo ) i
L e —— e 4
~990_
91 |90 g2 220-A
OPERAT I ON | PRINT CONTROL |, |
PANEL SECTION  [* [ ] FC ete.
Y A
A Y
A A A A Y
4 y 4 y A 4
SHEET Y__ 934 Y ___ 551/ |POST DRYING|| WINDING
SUPPLY ING HEAD |5 HEAD |77"||" APPARATUS | |APPARATUS
APPARATUS||  [SECTION SECTION = —
— 260 270
210 FIRST INKJET || SECOND INKJET |
230 PRINTER PRINTER 250




U.S. Patent Aug. 9,2016 Sheet 15 of 15 US 9,409,416 B2

FIG.16 (START PRINTING )~S200

r 8210
START PRINT PREPARATON

¥
ACQUIRE INFORMATION OF PRINTING STATE 5220
-RECORD ING MED [UM
-FEEDING OF MED!UM
S230
BOTH SIDE RECORDED STATE: SINGLE SIDE

HEAT BOTH SIDE OR SINGLE

INCREASE TEMPERATURE HEAT
OF HEAT ROLLER SET SURFACE SELECT1ON: REAR SURFACE
< HEAT FRONT OR REAR

SURFACE 2
_/5270b
INCREASE TEMPERATURE INCREASE TEMPERATURE
YES OF RECORDING MEDIUM OF RECORDING MEDIUM
FRONT-SURFACE HEAT REAR-SURFACE HEAT
ROLLER GROUP ROLLER GROUP
5280

COMPLETE INCREASE OF TEMPERATURE ?

' L8290 YES
APPLICATION APPARATUS ON
FEEDING ON

DOES DRIED SHEET
REACHE HEAD SECT |ON OF PRTINTING
APPARATUS ?

NO

3330

| END APPLICATION BY APPLICATION APPARATUS |~

IS EDGE END
OF APPLIED PART EXHAUSTED FROM OUTLET OF
DRYING UNIT ?

NO

END DRYING BY DRYING UNIT |—~S350
(HEATER OFF)
;

| STOP ENTIRE FEEDING }~S360




US 9,409,416 B2

1
RECORDING MEDIUM HEATING
APPARATUS AND SYSTEM INCLUDING THE
RECORDING MEDIUM HEATING
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is based on and claims the benefit
of priority under 35 U.S.C. §119 of Japanese Patent Applica-
tion Nos. 2013-030361 filed on Feb. 19, 2013 and 2013-
224628 filed on Oct. 29, 2013, the entire contents of which are
hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a recording
medium heating apparatus and a system including the record-
ing medium heating apparatus.

2. Description of the Related Art

To evaporate ink solvent printed on a sheet in a printing
apparatus such as a rotary press, there is a known technique in
which a plurality of heat rollers provided along the sheet
feeding path are used to dry the sheet (see, for example,
Japanese Laid-open Patent Publication No. H10-202839
(hereinafter “Patent Document 17)).

SUMMARY OF THE INVENTION

According to an aspect of the present invention, a recording
medium heating apparatus includes a plurality of heat rollers
disposed in a feeding path of a recording medium and having
respective heating units; and a control unit controlling tem-
peratures of the heating units so that the temperature of a first
heat roller is lower than the temperature of a second heat
roller. Further, the first and the second heat rollers are
included in the plurality of heat rollers and the first heat roller
is disposed on the upstream side of the second heat roller in
the feeding path.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features, and advantages of the present
invention will become more apparent from the following
description when read in conjunction with the accompanying
drawings, in which:

FIG. 1 schematically illustrates an example of a system
including a recording medium heating apparatus according to
a first embodiment of the present invention;

FIG. 2 is an example of a schematic block diagram of the
system in FIG. 1;

FIG. 3 is an example of a graph illustrating a relationship
between amounts of heat received by a recording medium and
heat roller sets;

FIG. 4 schematically illustrates an example of a system
including a preprocessing apparatus according to a second
embodiment;

FIG. 5 is an example of a schematic block diagram of the
system in FIG. 4;

FIG. 6 schematically illustrates an example of a printing
system including the heating apparatus of FIG. 4;

FIG. 7 schematically illustrates an example of a prepro-
cessing liquid application and drying apparatus provided in
the printing system;
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2

FIG. 8 is a schematic perspective view of an example of
pass shafts and edge guides disposed in a feeding path of a
recording medium in the preprocessing liquid application and
drying apparatus of FIG. 7;

FIG. 9 schematically illustrates an example of a system
including a recording medium heating apparatus according to
a third embodiment of the present invention;

FIG. 10 is an exploded view of the heating apparatus of
FIG. 4 in an open state;

FIG. 11 is an example of a control block diagram of the
system in FIG. 9;

FIG. 12 is an example of a graph illustrating a relationship
between the amounts of heat received by a recording medium
and the heat roller sets of FIG. 9;

FIG. 13 is an example of a flowchart of operations of the
system in FIG. 11;

FIG. 14 is an exploded view of an example of a recording
medium heating apparatus in an open state according to a
fourth embodiment;

FIG. 15 is an example of a control block diagram of a
printing system including a preprocessing apparatus having
the heating apparatus of FIG. 14; and

FIG. 16 is an example of a flowchart of operations of the
system in FIG. 15.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In related technologies of drying sheet using plural heat
rollers in a printing apparatus such as a rotary press, the sheet
may be damaged due to the heat applied to the sheet while in
the printing apparatus.

The present invention is made in light of the problem, and
may provide a recording medium heating apparatus that heats
a recording medium while reducing damage to the recording
medium.

In the following, embodiments of the present invention are
described in detail.

First Embodiment

FIG. 1 schematically illustrates a system 100 including a
recording medium heating apparatus 120 according to a first
embodiment. As illustrated in FIG. 1, the system 100 includes
arecording apparatus 110 and the recording medium heating
apparatus 120.

The recording apparatus 110 is a printing apparatus that
forms image information by adhering ink onto a recording
medium 10 and may be a rotary press (printing machine), an
inkjet printer, or a facsimile machine.

The recording medium 10 is fed in the feed direction 20 as
indicated by an arrow of FIG. 1 from the recording apparatus
110 to the recording medium heating apparatus 120 using a
supply feed roller 30. In the case of FIG. 1, the recording
medium 10 is depicted as a continuous form.

However, the recording medium 10 may be a single sheet
having a relatively longer length in the sheet feed direction.
The material of the recording medium 10 is not limited to
paper. Namely, the recording medium 10 may be made of a
material such as a plastic sheet that is likely to be damaged by,
for example, forming wrinkles or being deformed due to heat.

The recording medium heating apparatus 120 includes a
first heat roller set 40, a second heat roller set 50, and a third
heat roller set 60, a discharge feed roller 70, and a control
apparatus 80. The first heat roller set 40 includes a first rear-
surface heatroller 40a and a first front-surface heat roller 405.
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The second heat roller set 50 includes a second rear-surface
heat roller 50a and a second front-surface heat roller 505. The
third heat roller set 60 includes a third rear-surface heat roller
60a and a third front-surface heat roller 604.

The first heat roller set 40, the second heat roller set 50, and
the third heat roller set 60 are sequentially disposed in this
order in the feed direction 20 along a feeding path of the
recording medium 10 from an upstream side to a downstream
side.

The heat rollers 40a, 405, 504, 505, 60a, and 605 (herein-
after simplified as heat rollers “40a-605"") are rotatably sup-
ported by respective bearings at both ends in the longitudinal
direction thereof.

As illustrated in FIG. 1, the first rear-surface heat roller
40a, the first front-surface heat roller 405, the second rear-
surface heat roller 50a, the second front-surface heat roller
505, the third rear-surface heat roller 60a, and the third front-
surface heat roller 605 are separated from each other and
disposed in a zigzag manner.

In this case, for example, a line connecting the rotational
centers of the first rear-surface heat roller 40a, the second
rear-surface heat roller 50a, and the third rear-surface heat
roller 60a is separated from and parallel to a line connecting
the rotational centers of the first front-surface heat roller 405,
the second front-surface heat roller 505, and the third front-
surface heat roller 605.

The heat rollers 40a-605 include respective heaters 41a,
415, 51a,51b, 614, and 615 (hereinafter simplified as heaters
“41a-615"). By using the heaters 41a-615, it becomes pos-
sible to heat the surfaces of the heat rollers 40a-605.

The heat rollers 40a-605 further include respective tem-
perature sensors (not shown) such as thermistors, thermopiles
orthe like to detect the surface temperatures of the heat rollers
40a-60.

The heat rollers 40a-605 may further include respective
heat pipes (not shown) therein. By having the heat pipes, it
may become possible to effectively transfer heat in the lon-
gitudinal direction of the heat rollers 40a-605 and uniformly
maintain the temperatures of the surfaces of the heat rollers
40a-605 (“roller surfaces™). Accordingly, it becomes possible
to effectively supply heat to the recording medium 10.

The surfaces of the heat rollers 40a-605 are coated with a
non-adhesive film such as fluorine resin, so that adhesion of
ink and the like to the roller surfaces can be reduced and
reduction of the efficiency of heat transfer to the recording
medium 10 due to adherence to the roller surfaces can be
prevented.

The recording medium 10 is sequentially wound around
the first rear-surface heat roller 40a, the first front-surface
heat roller 405, the second rear-surface heat roller 50a, the
second front-surface heat roller 505, the third rear-surface
heat roller 60a, and the third front-surface heat roller 605 that
are arranged in the zigzag manner in the feed direction from
upstream to downstream. As a result, the recording medium
10 passes through the heat rollers 40a-6056 in the zigzag
manner.

Accordingly, during feeding, the rear surface (“one sur-
face”) of the recording medium 10 facing downward is in
contact with the first rear-surface heat roller 40a, the second
rear-surface heat roller 50a, and the third rear-surface heat
roller 60a.

Further, during feeding, the front surface (“the other sur-
face”) ofthe recording medium 10 facing upward is in contact
with the first front-surface heat roller 405, the second front-
surface heat roller 505, and the third front-surface heat roller
60b.
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FIG. 2 is an example block diagram of the system 100 in
FIG. 1. As illustrated in FIG. 2, the control apparatus 80 is
connected to temperature sensors 42a, 426, 52a, 52b, 62a,
and 6256 (hereinafter temperature sensors “42a-625"), the
heaters 41a-615b, the discharge feed roller 70, the supply feed
roller 30, and the recording apparatus 110.

The control apparatus 80 controls the temperatures of the
heat rollers 40a-605 based on actuated conditions including,
for example, the temperatures of the heat rollers 40a-605
detected by the temperature sensors 42a-62b and the rota-
tional speed of the discharge feed roller 70 and/or the supply
feed roller 30.

The control apparatus 80 controls the heaters 41a-615 so
that the temperature of a heat roller set disposed on the down-
stream side is higher or equal to the temperature of another
heat roller set disposed on the upstream side among the first
heatroller set 40, the second heat roller set 50, or the third heat
roller set 60.

More specifically, the control apparatus 80 controls the
heaters 41a and 415 so that the temperature of the first rear-
surface heat roller 40a and the first front-surface heat roller
405 of the first heat roller set 40 are set to a first setting
temperature T1, controls the heaters 51a and 515 so that the
temperature of the second rear-surface heat roller 50a and the
second front-surface heat roller 505 of the second heat roller
set 50 are set to a second setting temperature T2, and controls
the heaters 61a¢ and 615 so that the temperature of the third
rear-surface heat roller 60a and the third front-surface heat
roller 605 of the third heat roller set 60 are set to a third setting
temperature T3.

Further, the control apparatus 80 controls the heaters 41a-
615 so that the third setting temperature T3 is higher than or
equal to the second setting temperature T2, the second setting
temperature T2 is higher than or equal to the first setting
temperature T1, and the third setting temperature T3 is higher
than the first setting temperature T1 (i.e., T3=T2=T1 and
T3>T1).

To that end, the control apparatus 80 may control the heat-
ers 41a-61b disposed in the respective heat rollers 40a-605
while calculating (forecasting) the respective temperatures
after a certain time period by monitoring the progress of the
temperature changes of the heat rollers 40a-605 and compar-
ing the setting temperatures T1, T2, and T3 with the current
temperatures.

Otherwise, for example, the control apparatus 80 may per-
form two-step (on/off) control by turning on the heaters until
the temperatures reach the corresponding setting tempera-
tures and turning off the heaters when the temperatures reach
the corresponding setting temperatures continuously as
needed.

As illustrated in FIG. 3, the control apparatus 80 performs
control so that an amount of heat supplied from the first heat
roller set 40 to the recording medium 10 is W1, an amount of
heat supplied from the second heat roller set 50 to the record-
ing medium 10 is W2, and an amount of heat supplied from
the third heat roller set 60 to the recording medium 10 is W3.

Further, the control apparatus 80 controls the heaters 41a-
615 so that a total amount of heat W (=amount of heat
W1+amount of heat W2+amount of heat W3) is greater than
an amount of heat that is sufficient to desirably evaporate
moisture and solvent included in ink recorded on (supplied
onto) the recording medium 10. In this case, the (separate)
amounts of heat supplied from the heat rollers 40a-605 to the
recording medium 10 may vary depending on the time period
when the recording medium is in contact with the heat rollers
40a-605 (i.e., feeding speed of the recording medium 10).
Therefore, the control apparatus 80 changes the setting tem-
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peratures T1, T2, and T3 based on the rotational speed of the
discharge feed roller 70 and/or the supply feed roller 30.

The recording medium 10 on which ink is printed is fed to
the recording medium heating apparatus 120 by the supply
feed roller 30. The recording medium 10 fed to the recording
medium heating apparatus 120 is in contact with and heated
by the first rear-surface heat roller 40a of the first heat roller
set 40 that is controlled by the control apparatus 80 so that the
temperature of the first rear-surface heat roller 40aq is the first
setting temperature T1.

Then, the recording medium 10 is in contact with and
heated by the first front-surface heat roller 405 of the first heat
roller set 40 that is controlled by the control apparatus 80 so
that the temperature of the first front-surface heat roller 405 is
the first setting temperature T1.

The recording medium 10 on which ink is printed by the
recording apparatus 110 is sequentially in contact with and
heated by the second rear-surface heat roller 50a and the
second front-surface heat roller 505 that are controlled by the
control apparatus 80 so that the temperature thereof is the
second setting temperature T2 and is further in contact with
and heated by the third rear-surface heat roller 60a and the
third front-surface heat roller 604 that are controlled by the
control apparatus 80 so that the temperature thereof is the
third setting temperature T3.

By doing this, the solvent component of the ink printed
onto the recording medium 10 is evaporated in accordance
with the heat applied by the first heat roller set 40 and the
second heat roller set 50. Further, the solvent component of
the ink is evaporated by the heat of the third heat roller set 60
so that the remaining solvent component of the ink printed
onto the recording medium 10 is less than or equal to a
corresponding predetermined value. After that, the recording
medium 10 is discharged from the recording medium heating
apparatus 120 by the discharge feed roller 70.

Therefore, the recording medium 10 is in contact with the
first heat roller set 40 whose temperature is the first setting
temperature T1 which is the lowest amongst the first heat
roller set 40, the second heat roller set 50, and the third heat
roller set 60. By doing this, it becomes possible to reduce the
temperature difference between the recording medium 10 and
the heat roller(s) with which the recording medium 10 is in the
first contact.

Accordingly, when compared with a case where the tem-
perature of all the heat rollers is set to the third setting tem-
perature T3 which is the highest temperature, it becomes
possible to prevent a sudden temperature increase of the
recording medium 10. Namely, it becomes possible for the
system 100 to minimize a thermal load applied to the record-
ing medium 10. Also, it become possible for the system 100 to
reduce the occurrence of damage (i.e., wrinkles, deformation
and the like) to the recording medium 10 due to the thermal
load.

Further, as described above, the third heat roller set 60
supplies heat to the recording medium 10 sufficient to evapo-
rate the solvent component of ink so that the solvent compo-
nent of ink is less than or equal to the corresponding prede-
termined value. Therefore, it becomes possible to improve the
printing quality of image information formed on the record-
ing medium 10.

Further, as the recording medium 10 is fed to the second
heat roller set 50 and the third heat roller set 60, it becomes
possible to gradually reduce the temperature difference
between the recording medium 10 and the subsequent heat
roller set. Further, it is possible to gradually reduce the
amount of heat supplied from the heat roller sets 40, 50, and
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60 when the recording medium is gradually fed from the
upstream side to the downstream side.

By doing this, it becomes possible to prevent the occur-
rence of damage in which, for example, wire lines connected
to the heaters 51a and 515 of the heat roller set 50 are cut due
to heat load. Similarly, it becomes possible to prevent the
occurrence of damage in which, for example, wire lines con-
nected to the heaters 61a and 615 of the heat roller set 60 are
cut due to heat load.

Further, in this first embodiment, a case is described where
the control apparatus 80 controls the heaters 41a-615 so that
the temperatures of the heat roller sets 40, 50, and 60 are set
to the corresponding setting temperatures. However, for
example, the control apparatus 80 may control the heaters
41a-615 so that the setting temperatures of the heaters 41a-
615 are different from each other. In this case, the control
apparatus 80 controls the heaters 41a-615 so that the setting
temperature of the heater is gradually increased in the direc-
tion from the upstream side to the downstream side.

By doing this, it may become possible for the system 100 to
effectively reduce the heat load applied to the recording
medium 10. As a result, it becomes possible to effectively
prevent the occurrence of damage (e.g., wrinkles and defor-
mation) to the recording medium due to the heat load.

Further, the control apparatus 80 may control the heaters
41a-615 based on, for example, a type of recording medium
10 (i.e., a kind of a sheet), a type of ink, a position or an area
of'an image forming region (e.g., front-side printing, rear-side
printing, double-sided printing, size of the printing region)
and the like.

By doing this, it becomes possible for the system 100 to
effectively prevent the occurrence of damage (e.g., wrinkles
or deformation) to the recording medium 10 due to thermal
load applied to the recording medium 10, thereby effectively
enabling the acquisition of an improvement of the printing

quality.
Second Embodiment

Next, a second embodiment is described. FIG. 4 illustrates
a preprocessing apparatus (preprocessing liquid application
and drying apparatus) 220 having a recording medium heat-
ing apparatus 350 in a system 200. FIG. 5 illustrates a sche-
matic block diagram of the preprocessing apparatus 220 hav-
ing the recording medium heating apparatus 350.

In the following, the same reference numerals are repeat-
edly used to describe the same elements as those described in
the first embodiment, so that parts different from those in the
first embodiment are mainly described.

FIG. 6 illustrates a schematic configuration of a printing
system 200 according to the second embodiment. As illus-
trated in FIG. 6, the printing system 200 includes a sheet
supplying apparatus 210, the preprocessing apparatus 220, a
first inkjet printer 230, a reversing apparatus 240, a second
inkjet printer 250, a post drying apparatus 260, and a winding
apparatus 270.

FIG. 7 schematically illustrates a configuration of the pre-
processing apparatus 220 including the recording medium
heating apparatus (heating unit) 350 of the printing system
200 according to the second embodiment.

The sheet supplying apparatus 210 supplies the recording
medium 10 to the preprocessing apparatus 220 disposed in
the downstream side, the recording medium 10 being, for
example, a continuous form having a long length in the feed
direction and wound into a roll shape.

The preprocessing apparatus 220 is an example of a record-
ing medium preprocessing apparatus and applies a prepro-
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cessing liquid to the surface(s) of the recording medium 10 to
prevent the occurrence of blur or ink penetration onto the rear
surface of the recording medium 10 in the first inkjet printer
230 and the like disposed in the downstream side.

Further, the preprocessing apparatus 220 heats and dries
the applied preprocessing liquid on the recording medium 10
and then discharges the recording medium 10 to the first
inkjet printer 230 disposed in the downstream side.

To that end, the preprocessing apparatus 220 includes the
recording medium heating apparatus (heating unit) 350 (see
FIGS. 4 and 7). Here, the configuration of the recording
medium heating apparatus (heating unit) 350 in the prepro-
cessing apparatus 220 is the same as that of the recording
medium heating apparatus (heating unit) 120.

Therefore, the recording medium heating apparatus (heat-
ing unit) 350 also includes the heat rollers 40a-605. In the
recording medium heating apparatus (heating unit) 350, the
control process (see FIG. 3) by the control apparatus 80 as
described above is preformed, so as to control the amounts of
heat to be supplied by the heaters 41a-615 of the heat rollers
40a-60.

Based on image data to be printed, the first inkjet printer
230 discharges ink droplets onto the front surface (“the other
surface”) of the recording medium 10 onto which the prepro-
cessing liquid is applied in the preprocessing apparatus 220,
s0 as to form the desired image.

The reversing apparatus 240 reverses the surface of the
recording medium 10, and feeds the reversed recording
medium 10 to the second inkjet printer 250. Further, the
reversing apparatus 240 includes a drier (not shown) as a
drying unit to dry the image formed on the other surface of the
recording medium 10 by the first inkjet printer 230.

Based on the image data to be printed, the second inkjet
printer 250 discharges ink droplets onto the rear surface (the
“one surface”) of the recording medium 10 whose surfaces
are reversed by the reversing apparatus 240, so as to form the
desired image.

The post drying apparatus 260 includes a drier as a drying
unit which exhausts hot air to dry the image formed on the
front and the rear surfaces of the recording medium 10.

The winding apparatus 270 winds up and collects the
recording medium 10 on which images are formed on one or
both surfaces, wherein ink on the surfaces is dried by the post
drying apparatus 260.

Next, with referenceto FIG. 7, the preprocessing apparatus
220 is described. The preprocessing apparatus 220 corre-
sponding to a preprocessing system in FIG. 7 includes a
preprocessing liquid application apparatus (preprocessing
liquid application unit) 330 that applies the preprocessing
liquid to the recording medium 10.

The recording medium heating apparatus (heating unit)
350 that dries the preprocessing liquid on the recording
medium 10 is disposed on the downstream side of the prepro-
cessing liquid application apparatus 330.

In addition to the preprocessing liquid application appara-
tus 330 and the recording medium heating apparatus (heating
unit) 350, the preprocessing apparatus 220 further includes an
air loop unit 320 and a preprocessing liquid supplying unit
340, and a dancer unit 380.

The air loop unit 320 includes a guide roller 321, which is
rotatably supported, and a feed-in (FI) roller 322 and an F1nip
roller 323 which sandwiches and feeds the recording medium
10.

Inthe airloop unit 320, the guide roller 321, the feed-in (FI)
roller 322 which is driven to rotate, and the FI nip roller 323
that rotates in accordance with the rotation of the feed-in (FI)
roller 322 feed the recording medium 10 supplied from the
sheet supplying apparatus 210 and pull the recording medium
10 into the air loop unit 320.
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In this case, the rotation of the feed-in (FI) roller 322 is
controlled by using an optical sensor (not shown) so that an
air loop AL is formed where the amount of sagging of the
recording medium 10 becomes constant.

Here, a tension force is applied to the recording medium 10
that has passed through the air loop AL by using a tension
shaft (not shown) to stabilize the feeding of the recording
medium 10, so that the recording medium 10 is fed to the
preprocessing liquid application unit 330.

As illustrated in FIG. 8, the recording medium 10 having
passed through the air loop AL further passes between two
edge guides 324 and further enters an S-shaped path through
two path shafts 325 which are disposed in a manner such that
the longitudinal direction of the path shafts 325 is orthogonal
to the feed direction (i.e., the arrow direction in FIG. 8) of'the
recording medium 10.

The two path shafts 325 are supported by two edge guides
324, and the distance between the two edge guides 324 is set
to be substantially equal to the length in the width direction
(width size) of the recording medium 10. Here the edge
guides 324 are movably fixed relative to the path shafts 325
with, for example, screws, so that the distance between the
two edge guides 324 can be adjusted in accordance with the
width size of the recording medium 10 to be used.

By using the path shafts 325 and the edge guides 324, it
becomes possible to determine the feeding position of the
recording medium 10 in the width direction, so that stable
feeding can be achieved.

To stabilize feeding of the recording medium 10, a tension
force is applied to the recording medium 10, having passed
between the path shafts 325 and the edge guides 324, by using
the tension shaft (not shown) whose position is fixed in a fixed
state.

The preprocessing liquid application unit 330 includes a
infeed roller 331 that is driven to rotate, a feed nip roller 332,
a rear-surface application unit 33, a front-surface application
unit 34, an outfeed roller 335 that is driven to rotate, and a feed
nip roller 336. The feed nip roller 332 and the infeed roller
331 sandwich and feed the recording medium 10, and the feed
nip roller 336 and the outfeed roller 335 sandwich and feed
the recording medium 10.

The rear-surface application unit 33 includes a squeeze
roller 337, an application roller 338, and a pressing roller 339.
After the recording medium 10 is fed to the rear-surface
application unit 33, the recording medium 10 is sandwiched
and fed between the application roller 338 and the pressing
roller 339.

In this case, the preprocessing liquid is supplied to the
application roller 338 from the squeeze roller 337, so that the
application roller 338 applies the preprocessing liquid onto
the one surface (i.e., the rear surface) side of the recording
medium 10. The recording medium 10 having passed through
the rear-surface application unit 33 is fed to the front-surface
application unit 34.

The front-surface application unit 34 includes a squeeze
roller 347, an application roller 348, and a pressing roller 349,
and applies the preprocessing liquid onto the other surface
(i.e., the front surface) side of the recording medium 10. The
recording medium 10 having passed through the front-sur-
face application unit 34 is fed to the recording medium heat-
ing apparatus (heating unit) 350 which is a heating apparatus
by the outfeed roller 335 and the feed nip roller 336.

Here, the rear-surface application unit 33 and the front-
surface application unit 34 are controlled so as to be selec-
tively operated. Namely, the preprocessing liquid is applied to
either one (i.e., one surface (i.e., the rear surface) or the other
surface (i.e., the front surface)) or both surfaces of the record-
ing medium 10.
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The preprocessing liquid supplying unit 340 stores the
preprocessing liquid and supplies the preprocessing liquid to
the rear-surface application unit 33 and the front-surface
application unit 34.

The recording medium heating apparatus (heating unit)
350 is an example of the recording medium heating appara-
tus, and has a configuration similar to that of the recording
medium heating apparatus 120 according to an embodiment.
Namely, the recording medium heating apparatus (heating
unit) 350 heats the recording medium 10 to dry the prepro-
cessing liquid applied onto the recording medium 10.

Here, the same reference numerals are used to describe the
elements having substantially the same functions as those of
the elements of the recording medium heating apparatus 120,
and repeated descriptions thereof may be omitted.

The recording medium heating apparatus (heating unit)
350 has the same configuration of that of the recording
medium heating apparatus 120 and includes the heat rollers
40a, 405, 504, 505 60a, and 605 and the control apparatus 80
from the upstream side in the feed direction 20 of the record-
ing medium 10.

Further, in the recording medium heating apparatus (heat-
ing unit) 350 as well, the control apparatus 80 performs the
control process (see FIG. 3), so as to control the amounts of
heat (i.e., temperatures) of the heaters 41a-615 of the heat
rollers 40a-605.

The recording medium 10 is sequentially fed between the
heat rollers 404-60b in a zigzag manner, and fed into the
recording medium heating apparatus (heating unit) 350 by the
outfeed roller 335, the feed nip roller 336, a feed roller 359,
and a feed nip roller 360.

The heat rollers 40a-60b rotate in accordance with the fed
recording medium 10 to heat the recording medium 10
thereby drying the preprocessing liquid applied onto the
recording medium 10.

Further, in the recording medium heating apparatus (heat-
ing unit) 350, the heat rollers 40a-60b rotate in accordance
with the fed recording medium 10. Therefore, it is not neces-
sary to provide, for example, a motor as a driving unit to drive
the rotation of the heat rollers 40a-605. As a result, it becomes
possible to reduce space necessary for disposing a motor or
the like.

The recording medium 10 whose preprocessing liquid
applied on the surfaces thereof is dried in the recording
medium heating apparatus (heating unit) 350 is sandwiched
between the feed roller 359 and a feed nip roller 360 which are
driven to rotate, so that the recording medium 10 is fed to a
dancer unit 380.

The dancer unit 380 includes two guide rollers 381 and
382, a movable frame 384, a detection unit (not shown) to
detect the position of the movable frame 384, and two dancer
rollers 385 and 386 rotatably provided on the movable frame
384. The movable frame 384 includes a weight 383 on the
lower part thereof, so as to be moved along with the dancer
rollers 385 and 386 in the arrow A direction. The recording
medium 10 is fed around the guide rollers 381 and 382 and the
dancer rollers 385 and 386 in a W shape.
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The dancer unit 380 controls the feeding amount of the feed
roller 359 based on the output from the detection unit (not
shown), so as to adjust the position of the movable frame 384
in the up and down direction. By adjusting the position of the
movable frame 384, it becomes possible to ensure the buffer
between the preprocessing apparatus 220 and the first inkjet
printer 230 disposed in the downstream side of the prepro-
cessing apparatus 220.

The recording medium 10 heated by the recording medium
heating apparatus (heating unit) 350 is cooled by the dancer
unit 380 and fed to the first inkjet printer 230 disposed on the
downstream side.

By having the configuration described above, in the pre-
processing apparatus 220, the preprocessing liquid applica-
tion apparatus (preprocessing liquid application unit) 330
applies the preprocessing liquid to the recording medium so
as to improve the image quality by, for example, preventing
the occurrence of ink blur and assisting with ink penetration.

After that, the recording medium heating apparatus (heat-
ing unit) 350 dries the preprocessing liquid and the dancer
unit 380 cools the recording medium 10. Then, the recording
medium 10 is fed to the first inkjet printer 230.

Further, the preprocessing liquid application apparatus
(preprocessing liquid application unit) 330 serves as a pre-
processing unit that applies the preprocessing liquid onto the
front surface, the rear surface, or both surfaces of the record-
ing medium 10. The heating unit (recording medium heating
apparatus) 350 corresponds to a preprocessing liquid drying
apparatus that evaporates the preprocessing liquid.

The preprocessing apparatus 220 having such a configura-
tion applies the preprocessing liquid onto the recording
medium 10 so as to improve the image quality by, for
example, preventing the occurrence of ink blur and assisting
with ink penetration. The preprocessing apparatus 220
applies the preprocessing liquid onto the front surface, or the
rear surface, or both surfaces of the recording medium 10.

Further, the control apparatus 80 controls the heaters 41a-
615 so that a total amount of heat W (=amount of heat
W1+amount of heat W2+amount of heat W3) is greater than
an amount of heat that is sufficient to evaporate water (mois-
ture) of the preprocessing liquid applied onto the recording
medium 10.

Further, the control apparatus 80 changes the setting tem-
peratures T1, T2, and T3 (i.e., amounts of heat supplied from
the heat rollers to the recording medium 10) based on the
feeding speed, the type of the recording medium 10 (i.e., the
sheet type), the applied amount of the preprocessing liquid
(e.g., an application pattern such as a double-sided applica-
tion or an single-sided application) or the like.

Table 1 illustrates the relationships amongst the conditions,
which are determined based on the feeding speed, the sheet
type, and the application amount of the preprocessing appa-
ratus; the first setting temperature T1 of the first rear-surface
heat roller 40a and the first front-surface heat roller 405, the
second setting temperature T2 of the second rear-surface heat
roller 50a and the second front-surface heat roller 505; and
the third setting temperature T3 of the third rear-surface heat
roller 60a and the third front-surface heat roller 605.

TABLE 1
HEAT ROLLER SETTING
CONDITIONS TEMPERATURES [° C.]
APPLICATION FIRST SECOND THIRD
FEEDING AMOUNT OF SETTING SETTING SETTING

SPEED PREPROCESSING  TEMPERATURE TEMPERATURE TEMPERATURE
[m/min] SHEET TYPE LIQUID T1 T2 T3

50 COATED SHEET A PATTERN A 50 65 80

30 COATED SHEET A PATTERN B 40 50 60

50 COATED SHEET B PATTERN A 60 75 90
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TABLE 1-continued
HEAT ROLLER SETTING
CONDITIONS TEMPERATURES [° C.]
APPLICATION FIRST SECOND THIRD
FEEDING AMOUNT OF SETTING SETTING SETTING

SPEED PREPROCESSING ~ TEMPERATURE TEMPERATURE TEMPERATURE
[m/min] SHEET TYPE LIQUID Tl T2 T3

30  COATED SHEETB  PATTERN B 50 60 70

50  COATED SHEETC  PATTERN A 90 105 120

30  COATED SHEETC  PATTERN B 80 90 100

As shown in Table 1, in a first case where the feeding speed
is 50 m/min, the recording medium 10 is a coat sheet A, and
the application amount of the preprocessing apparatus is indi-
cated as a pattern A, the first setting temperature T1, the
second setting temperature T2, and the third setting tempera-
ture T3 are set to 50° C., 65° C., and 80° C., respectively (i.e.,
T1=50° C., T2=65° C., and T3=80° C.).

Further, in a second case where the feeding speed is 30
m/min slower than the first case, the recording medium 10 is
coat sheet A, and the application amount of the preprocessing
apparatus is indicated as a pattern B which is less than pattern
A, the first setting temperature T1, the second setting tem-
perature T2, and the third setting temperature T3 are set to 40°
C., 50° C., and 60° C., respectively (T1=40° C., T2=50° C.,
and T3=60° C.). Namely, the setting temperatures T1, T2 and
T3 are lower than the corresponding temperatures in the case
where the feeding speed is higher than the second case.

Further, in a third case where the feeding speed is 50
m/min, the recording medium 10 is a coat sheet B, and the
application amount of the preprocessing apparatus is indi-
cated as pattern A, the first setting temperature T1, the second
setting temperature T2, and the third setting temperature T3
are set to 60° C., 75° C., and 90° C., respectively (T1=60° C.,
T2=75°C., and T3=90° C.). Namely, the setting temperatures
T1, T2 and T3 are higher than the corresponding temperatures
in the case where the sheet type is sheet A.

Further, in a fourth case where the feeding speed is 30
m/min, the recording medium 10 is coat sheet B, and the
application amount of the preprocessing apparatus is indi-
cated as pattern B, the first setting temperature T1, the second
setting temperature T2, and the third setting temperature T3
are set to 50° C., 60° C., and 70° C., respectively (T1=50° C.,
T2=60°C., and T3=70° C.). Namely, the setting temperatures
T1, T2 and T3 are lower than the corresponding temperatures
in the case where the feeding speed is higher than the fourth
case.

Further, in a fifth case where the feeding speed is 50 m/min,
the recording medium 10 is a coat sheet C, and the application
amount of the preprocessing apparatus is indicated as pattern
A, the first setting temperature T1, the second setting tem-
perature T2, and the third setting temperature T3 are set to 90°
C., 105° C., and 120° C., respectively (T1=90° C., T2=105°
C.,and T3=120° C.). Namely, the setting temperatures T1, T2
and T3 are higher than the corresponding temperatures in the
case where the sheet type is A or B.

Further, in a sixth case where the feeding speed is 30
m/min, the recording medium 10 is coat sheet C, and the
application amount of the preprocessing apparatus is indi-
cated as pattern B, the first setting temperature T1, the second
setting temperature T2, and the third setting temperature T3
are setto 80° C.,90° C., and 100° C., respectively (T1=80° C.,
T2=90° C., and T3=100° C.). Namely, the setting tempera-
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tures T1, T2 and T3 are lower than the corresponding tem-
peratures in the case where the feeding speed is higher than
the sixth case.

Further, it should be noted that the values of the above
setting temperatures are examples only, and the present
invention is not limited to the invention based on these values.
Further, the setting temperatures are appropriately set based
on, for example, experiments.

The recording medium 10 on which the preprocessing
liquid is applied by the preprocessing liquid application unit
330 is fed to the recording medium heating apparatus (heating
unit) 350 by the supply feed roller 30. The recording medium
10 fed to the supply feed roller 30 is in first contact with and
heated by the first rear-surface heat roller 40a of the first heat
roller set 40 that is controlled to have the first setting tem-
perature T1 by the control apparatus 80. After that, the record-
ing medium 10 is in contact with and heated by the first
front-surface heat roller 405 that is similarly controlled to
have the first setting temperature T1.

Then, the recording medium 10 is in contact with and
heated by the second rear-surface heat roller 50a of the sec-
ond heat roller set 50 that is controlled to have the second
setting temperature T2 by the control apparatus 80. After that,
the recording medium 10 is in contact with the second front-
surface heat roller 505 that is similarly controlled to have the
first setting temperature T2 to be heated.

In the same manner, the recording medium 10 is in contact
with and heated by the third rear-surface heat roller 60a of the
third heat roller set 60 that is controlled to have the third
setting temperature T3 by the control apparatus 80. After that,
the recording medium 10 is in contact with and heated by the
third front-surface heat roller 605 that is similarly controlled
to have the first setting temperature T3.

By doing this, the moisture (water) of the preprocessing
liquid applied to the recording medium 10 is evaporated in
accordance with the heat applied by the first heat roller set 40
and the second heat roller set 50. Further, due to the heat
applied by the third heat roller set 60, the moisture of the
preprocessing liquid on the recording medium 10 is evapo-
rated so that the moisture is less than or equal to a correspond-
ing predetermined value. After that, the recording medium 10
is discharged from the recording medium heating apparatus
(heating unit) 350 by the discharge feed roller 70.

Therefore, the recording medium 10 is in first contact with
the firstheat roller set 40 whose temperature is the first setting
temperature T1 that is the lowest among the first heat roller set
40, the second heat roller set 50, and the third heat roller set
60. By doing this, it becomes possible to reduce the tempera-
ture difference between the recording medium 10 and the heat
roller(s) with which the recording medium 10 is in first con-
tact.

Accordingly, when compared with a case where the tem-
perature of all the heat rollers is set to the third setting tem-
perature T3 which is the highest temperature, it becomes
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possible to prevent a sudden temperature increase of the
recording medium 10. Namely, it becomes possible for the
system 200 to minimize a thermal load applied to the record-
ing medium 10. Also, it become possible for the system 100 to
reduce the occurrence of damage (i.e., wrinkles, deformation
and the like) to the recording medium 10 due to the thermal
load.

Further, as described above, the third heat roller set 60
supplies heat to the recording medium 10 sufficient to evapo-
rate the moisture of preprocessing liquid so that the moisture
of the preprocessing liquid is less than or equal to the prede-
termined value. Therefore, it becomes possible for the system
200 to ensure drying of the preprocessing liquid applied to the
recording medium 10 so as to prevent the blurring of ink used
in printing an image onto the recording medium and assist the
ink’s penetration to improve the printing quality of image
information formed on the recording medium 10.

Further, in the second embodiment, a case is described
where the control apparatus 80 controls the heaters 41a-615
so that the temperatures of the heat roller sets 40, 50, and 60
are set to the corresponding setting temperatures. However,
for example, the control apparatus 80 may control the heaters
41a-615 so that the setting temperatures of the heat rollers
40a, 405, 504a, 505, 60a, and 6056 (heat rollers 40a-605) are
different from each other. In this case, the control apparatus
80 controls the heaters 41a-615 so that the setting tempera-
ture of the heat rollers 40a-605 is gradually increased in the
direction from the upstream side to the downstream side.

By doing this, it may become possible for the system 200 to
effectively reduce the heat load applied to the recording
medium 10. As a result, it becomes possible to effectively
prevent the occurrence of damage (e.g., wrinkles and defor-
mation) to the recording medium due to the heat load.

Third Embodiment

Next, a system (printing system) 100-A including a record-
ing medium heating apparatus (ink drying apparatus) 120-A
according to a third embodiment is described. FIG. 9 sche-
matically illustrates a configuration of the overall system
including the recording medium heating apparatus (ink dry-
ing apparatus) 120-A. In the following, the same reference
numerals are used to describe the same elements in the first
embodiment, and the elements different from those in the first
embodiment are mainly described.

As illustrated in FIG. 9, in the system (printing system)
100-A, there is a sheet supplying apparatus 130 disposed on
the upstream side of the recording apparatus 110. Also, a
winding apparatus 140 is disposed on the downstream side of
the recording medium heating apparatus (ink drying appara-
tus) 120-A. Instead of the winding apparatus 140, a folding
machine to fold the printed recording material 10 may be
disposed.

The recording apparatus 110 includes a front-surface
image forming unit 111, a rear-surface image forming unit
112, a feeding section 113, an image forming controlling
section 93, and a feeding control section 94. In the recording
apparatus 110, the front-surface image forming unit 111 and
the rear-surface image forming unit 112, which may be, for
example, a inkjet head section, form an image on the record-
ing medium 10 by discharging liquid such as ink onto the
recording medium 10.

The recording medium heating apparatus (ink drying appa-
ratus) 120-A includes the first heat roller set 40, the second
heat roller set 50, and the third heat roller set 60, the discharge
feed roller 70, and a control apparatus 80-A. The first heat
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roller set 40 includes the first rear-surface heat roller 40 and
the first front-surface heat roller 405.

The second heat roller set 50 includes the second rear-
surface heat roller 50a and the second front-surface heat roller
505. The third heat roller set 60 includes the third rear-surface
heat roller 60a and the third front-surface heat roller 605. The
control apparatus 80-A controls the heat rollers 40a-605 and
the discharge feed roller 70.

FIG. 10 is an exploded view of the recording medium
heating apparatus (ink drying apparatus) 120-A in its open
state. As illustrated in FIG. 10, there is a front-surface heating
unit 121, which includes the first front-surface heat roller 405,
the second front-surface heat roller 505, and the third front-
surface heat roller 605, on the upper side of the ink drying
apparatus (heating apparatus) 120-A.

On the other hand, there is a rear-surface heating unit 122,
which includes the first rear-surface heat roller 40a, the sec-
ond rear-surface heat roller 50a, the third rear-surface heat
roller 60a, and the discharge feed roller 70 on the lower side
of the ink drying apparatus (heating apparatus) 120-A. Fur-
ther, there is formed an outlet 79 of the ink drying apparatus
(heating apparatus) 120-A, and there is an outlet sensor 71
disposed near the outlet 79. Further, the control apparatus
80-A and the outlet sensor 71 may be disposed in either the
front-surface heating unit 121 or the rear-surface heating unit
122.

During the feeding of the recording medium 10, the rear
surface (the other surface) of the recording medium 10 facing
downward is in contact with the first rear-surface heat roller
40a, the second rear-surface heat roller 50a, and the third
rear-surface heat roller 60a.

Further, the front surface (one surface) of the recording
medium 10 facing upward is in contact with the first front-
surface heat roller 405, the second front-surface heat roller
505, and the third front-surface heat roller 6054.

Further, FIG. 10 illustrates the open state where the front-
surface heating unit 121 and the rear-surface heating unit 122
are separated from each other in the arrow C direction (i.e., in
the up-and-down direction). When the recording medium 10
is loaded (placed), the recording medium 10 is fed between
the front-surface heating unit 121 and the rear-surface heating
unit 122 in this open state.

After the recording medium 10 is passed between the front-
surface heating unit 121 and the rear-surface heating unit 122,
the front-surface heating unit 121 and the rear-surface heating
unit 122 are moved so as to approach each other to be in
contact with each other via the recording medium (“closed
state”) as shown in FIG. 9.

By doing this, it be easy to load (place) the recording
medium to be fed in the feed direction (arrow 20) between the
rear-surface heating unit 122, the front-surface heating unit
121 and the rear-surface heating unit 122 in the ink drying
apparatus (heating apparatus) 120-A.

FIG. 11 is a block diagram of the system including the ink
drying apparatus (heating apparatus) 120-A. As illustrated in
FIG. 11, the control apparatus 80-A of the ink drying appa-
ratus (heating apparatus) 120-A is included in a control sys-
tem 500 of the printing system) 100-A.

The control apparatus 80-A of the ink drying apparatus
(heating apparatus) 120-A includes a front-surface heating
control section 81, a rear-surface heating control section 82, a
CPU 83, and a memory 84.

Although not being illustrated, the control apparatus 80-A
further includes a RAM and a ROM storing a program to be
executed for heating, an I/O (input section) which controls the
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input and output of an electric component such as a sensor,
and an I/F (interface section) for receiving data from a print
control section 90.

The control system 500 of the system (printing system)
100-A includes the ink drying apparatus (heating apparatus)
120-A, the control apparatus 80-A, the print control section
90, which controls the recording apparatus 110, the image
forming controlling section 93 and the feeding control section
94.

Further, the print control section 90 is connected to an
operation panel 91, a personal computer (including a server or
the like) 92, the sheet supplying apparatus 130, and the wind-
ing apparatus 140 via plural data lines and control lines, so as
to perform control on overall operations including ink drying.

The print control section 90 performs, for example, a raster
image processor (RIP) process in accordance with the print
job data supplied from a host apparatus and generates bit map
data for each of certain colors of the print image data. Also,
the print control section 90 generates control information for
controlling printing operations based on the print job data and
the information of the host apparatus. The print control sec-
tion 90 may be provided in the recording apparatus 110.

In the recording apparatus 110, the image forming control-
ling section 93 connected to the print control section 90
controls the front-surface image forming unit 111 and the
rear-surface image forming unit 112. Further, the feeding
control section 94 is connected to the supply feed roller 30
and the discharge feed roller 70, which are connected to the
ink drying apparatus (heating apparatus) 120-A, and control
the feeding of the recording medium 10.

In the control apparatus 80-A of the ink drying apparatus
(heating apparatus) 120-A, the CPU 83 controls the front-
surface heating control section 81 and the rear-surface heat-
ing control section 82.

In the control apparatus 80-A, the front-surface heating
control section 81 is connected to the temperature sensors
42b, 52b, and 625 which detect the temperatures of the heat
rollers 405, 505, and 605, respectively, and the heaters 415,
515, and 615 in the front-surface heating unit 121. Also, the
rear-surface heating control section 82 is connected to the
temperature sensors 42a, 52a, and 62a which detect the tem-
peratures of the heat rollers 40a, 50a, and 60a, respectively,
and the heaters 41a, 514, and 61ab in the rear-surface heating
unit 122.

In this embodiment, the control apparatus 80-A monitors
an operating state of the front-surface image forming unit 111
and the rear-surface image forming unit 112, and controls the
heaters 41a-615 of the heat rollers 404-605 in a manner
described below. The control apparatus 80-A controls the
heaters 41a-615 provided in the heat rollers 40a-605 so that
the surface(s) (the front surface, the rear surface, or both) on
which ink is applied is dried.

When only the front-surface image forming unit 111 is
operated, namely when ink is applied onto only the front
surface of the recording medium 10, the front-surface heating
control section 81 of the control apparatus 80-A operates the
heaters 415, 515, and 615 so that the temperatures of the heat
rollers 405, 505, and 605 are respective setting temperatures.
Further, the heat rollers 4056, 505, and 605 heat and dry the ink
only on the front surface side of the recording medium 10.

When only the rear-surface image forming unit 112 is
operated, namely when ink is applied onto only the rear
surface of the recording medium 10, the rear-surface heating
control section 82 operates the heaters 41a, 51a, and 614 so
that the temperatures of the heat rollers 40a, 504, and 60a are
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respective setting temperatures. Further, the heat rollers 40a,
50a, and 60a heat and dry the ink only on the rear surface side
of' the recording medium 10.

Further, when both the front-surface image forming unit
111 and the rear-surface image forming unit 112 are operated,
namely when ink is applied onto both surfaces of the record-
ing medium 10, the control apparatus 80-A operates the heat-
ers 41a-615 so that the temperatures of the heat rollers 40a-
605 are respective setting temperatures. Further, the heat
rollers 40a-60b heat and dry ink on both rear and front sur-
faces of the recording medium 10

Here, when ink is applied on only the front surface or the
rear surface, the control apparatus 80-A controls the heaters
41a-615 so that a moisture content of the recording medium
10 discharged from the ink drying apparatus (heating appa-
ratus) 120-A is substantially equal to the moisture content of
the recording medium 10 fed from the sheet supplying appa-
ratus 130.

Further, when only one of the front or rear surface is dried
or when the operation of the ink drying apparatus (heating
apparatus) 120-A is stopped, the control apparatus 80-A com-
pletely turns off the heaters that are not to be operated.

Otherwise, when only one of the front or rear surface is
dried, the control apparatus 80-A may operate the heaters that
are not to be operated so that the temperatures of the heat
rollers on the side of the surface opposite to the surface on
which ink is applied of the recording medium 10 are lower
than the corresponding temperatures set in the heat rollers
that are on the side of the surface on which ink is applied.

For example, the temperatures to be set on the side of the
surface to which ink is applied is approximately in a range
from 60° C. to 120° C. and the temperatures to be set on the
side of the surface to which no ink is applied (“waiting tem-
perature”) is approximately in a range from 40° C. to 45° C.
When the temperature is higher than 45° C., the recording
medium 10 may be thermally deformed, and when the tem-
perature is less than or equal to 40° C., it may not be possible
to maintain a temperature-sustaining effect of the heat rollers
40a-605. Therefore, temperatures in the range from 40° C. to
45° C. are the optimal waiting temperatures.

The control apparatus 80-A controls the temperatures of
the heat rollers 40a-605 based on the temperatures of the heat
rollers 40a-605 detected by the temperature sensors 42a-62b
and operating states indicating, for example, the rotational
speed of the discharge feed roller 70 and/or the supply feed
roller 30.

In this case, in the control apparatus 80-A, the rear-surface
heating control section 82 collectively controls the heat roll-
ers 40a, 50a, and 60a of the respective heat roller sets as a
recording medium rear-surface heat roller group.

Further, the front-surface heating control section 81 col-
lectively controls the heat rollers 405, 505, and 6056 of the
respective heat roller sets as a recording medium front-sur-
face heat roller group. Herein the recording medium rear-
surface heat roller group and the recording medium front-
surface heat roller group may also be called a “one surface
heat roller group” and a “the other surface heat roller group”,
respectively.

The front-surface heating control section 81 and the rear-
surface heating control section 82 control respective heaters
41a-615 in a manner such that the setting temperatures of the
third rear-surface heat roller 60a and the third front-surface
heat roller 605 disposed on the downstream side of the feed-
ing path of the recording medium 10 are higher than the
respective setting temperatures of the first rear-surface heat
roller 40a and the first front-surface heat roller 405 disposed
on the upstream side of the feeding path.
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FIG. 12 is a graph illustrating the relationship between the
amount of heat received by the recording medium 10 and the
heat roller sets. As illustrated in FIG. 12, the rear-surface
heating control section 82 controls the heaters 414, 51a, and
61a of the heat rollers 40a, 504, and 60a so that the tempera-
tures of the heat rollers 40a, 50a, and 60a of the recording
medium rear-surface heat roller group are T4a, T5a, and T6a,
respectively.

Further, the front-surface heating control section 81 con-
trols the heaters 415, 515, and 615 of the heat rollers 405, 505,
and 605 so that the temperatures of the heat rollers 405, 505,
and 6056 of the recording medium front-surface heat roller
group are T4b, T5b, and T6b, respectively.

Then, the control apparatus 80-A controls the heaters 41a-
615 so that, for example, the setting temperatures of the heat
rollers 40a-605 satisfy the following formula (1).

Relationship of controlled temperatures of heat rollers
404-605

T4asTS5a<T6a and T4b<T5b<T6b (D

In this case, it is also possible that neither the recording
medium rear-surface heat roller group 40a, 50a, and 60a nor
the recording medium front-surface heat roller group 405,
5056, and 605 is heated or both of the recording medium
rear-surface heat roller group 40a, 50a, and 60a and the
recording medium front-surface heat roller group 405, 505,
and 605 are not heated.

Further, the control apparatus 80-A monitors the tempera-
tures of the heat rollers 40a-605 and compares the differences
between the setting temperatures T4a, T5a, T6a, T4b, T5b,
and T6b of the heat rollers 40a-605 and the corresponding
current temperatures. Based on the comparisons, the control
apparatus 80-A controls the temperatures of the heat rollers
40a-605 while anticipating the temperatures after a certain
time period.

Otherwise, the control apparatus 80-A may perform two-
step (on/off) control by continuing to turn on the heaters
41a-615 until the temperatures thereof reach the respective
setting temperatures and turning off the heaters 41a-615
when the temperatures thereof reach the respective setting
temperatures.

The control apparatus 80-A performs control so that an
amount of heat supplied from the first rear-surface heat roller
40a of the recording medium rear-surface heat roller group to
the recording medium 10 is W4a, an amount of heat supplied
from the second rear-surface heat roller 50a of the recording
medium rear-surface heat roller group to the recording
medium 10 is W5a, and an amount of heat supplied from the
third rear-surface heat roller 60a of the recording medium
rear-surface heat roller group to the recording medium 10 is
Wéa.

In the same manner, the control apparatus 80-A performs
control so that an amount of heat supplied from the first
front-surface heat roller 405 of the recording medium front-
surface heat roller group to the recording medium 10 is W4b,
anamount ofheat supplied from the second front-surface heat
roller 505 of the recording medium front-surface heat roller
group to the recording medium 10 is W5b, and an amount of
heat supplied from the third front-surface heat roller 6056 of
the recording medium rear-surface heat roller group to the
recording medium 10 is W6b.

In this case, the control apparatus 80-A controls the heaters
41a-61b so that a total amount of heat W which is the sum of
an amount of heat Wa, which corresponds to the heating the
rear surface, and an amount of heat Wb, which corresponds to
the heating the front surface, exceeds an amount of heat that
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is sufficient to evaporate the solvent included in the ink on the
recording medium 10 at a desired degree.
Wa(=total amount of heat W4a+W5a+W6a)+Wb(=to-
tal amount of heat W4b+W5b+W6b)>amount of

heat sufficient to evaporate (minimum required
heat for evaporation)

@

Further, the amount of heat supplied from the heat rollers
40a-605 to the recording medium varies depending on the
time period while the recording medium 10 is in contact with
the heat rollers 40a-605 (i.e., feeding speed of the recording
medium). Therefore, the control apparatus 80-A changes the
setting temperatures based on the rotational speed of the
discharge feed roller 70 and/or the supply feed roller 30.

The recording medium on which ink is applied by the
front-surface image forming unit 111 and the rear-surface
image forming unit 112 of the recording apparatus 110 is fed
to the ink drying apparatus (heating apparatus) 120-A by the
supply feed roller 30. The rear surface of the recording
medium 10 fed into the ink drying apparatus (heating appa-
ratus) 120-A is heated by the heat rollers 40a, 50a, and 60a of
the recording medium rear-surface heat roller group at the
temperatures T4a, T5a, and T6a, respectively, controlled by
the rear-surface heating control section 82.

Similarly, the front surface of the recording medium 10 fed
into the ink drying apparatus (heating apparatus) 120-A is
heated by the heat rollers 405, 505, and 605 of the recording
medium front-surface heat roller group at the temperatures
T4b, T5b, and T6b, respectively, controlled by the front-
surface heating control section 81.

Further, the solvent component of the ink printed on the
recording medium 10 is evaporated in accordance with the
heat applied by the first heat roller set 40 and the second heat
roller set 50. Further, due to the heat applied by the third heat
roller set 60, the solvent component of the ink printed on the
recording medium 10 is further evaporated so that the solvent
component is less than or equal to a corresponding predeter-
mined value. After that, the recording medium 10 is dis-
charged from the ink drying apparatus (heating apparatus)
120-A by the discharge feed roller 70.

Next, operations of the system (printing system) 100-A are
described with reference to a flowchart in FIG. 13. In F1G. 13,
when an instruction to start printing is issued from the opera-
tion panel 91 or the personal computer (including a server or
the like) 92 (step S100), the system (printing system) 100-A
system starts the preparations for the printing (step S101).

In this case, the print control section 90 recognizes (re-
ceives) the information items from the operation panel 91 or
the personal computer (including a server or the like) 92, the
information items indicating the printing state, the recording
medium, and the feeding of the recording medium, which are
used for determining the setting temperatures of the heat
rollers 40a-605 (step S102). The information indicating the
printing state refers to the information indicating whether the
printing is single-sided printing, rear-side printing, or double-
sided printing.

The information indicating the recording medium refers to
the information indicating, for example, the type (e.g., ordi-
nary sheet, coated sheet or the like), the width, or the weight
of the recording medium. The information indicating the
feeding of the recording medium refers to the information
indicating, for example, the feeding speed, the feeding
amounts (corresponding number of pages).

Next, the print control section 90 further recognizes the
information of the recording apparatus 110 from the opera-
tion panel 91 or the personal computer (including a server or
the like) 92, the information indicating whether data (image)
are recorded on the recording medium 10. When data are
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recorded, the print control section 90 further recognizes, for
example, the recording surface(s) (i.e., single-sided or
double-sided, and the front surface or the rear surface in case
of single-sided).

The information items recognized by the print control sec-
tion 90 are classified by the control apparatus 80-A of the ink
drying apparatus (heating apparatus) 120-A into two cases:
one is a case of double-sided printing where it is necessary to
heat both sides (i.e., the front surface and the rear surface) of
the recording medium 10, and the other is a case of single-
sided printing where it is necessary to heat one side of the
recording medium 10 (step S103).

In the case where it is necessary to heat both surfaces of the
recording medium 10, for example, the control apparatus
80-A causes the heaters 41a-615 of the heat rollers 40a-605 to
operate to have the heat roller setting temperatures deter-
mined based on the printing state as shown in Table 1. By
doing this, the temperatures of the ink drying apparatus (heat-
ing apparatus) 120-A are increased (step S104).

Based on the output of the temperature sensors 42a-62b,
the control apparatus 80-A determines whether the heat roll-
ers 40a-605 are heated up to the respective setting tempera-
tures (step S105).

Further, when it is necessary to heat only one surface of the
recording medium 10 in step S103, the CPU 83 of the control
apparatus 80-A determines which of the recording medium
rear-surface heat roller group 40a, 50a, and 60a and the
recording medium front-surface heat roller group 405, 505,
and 605 is to be heated (step S106).

Further, the control apparatus 80-A causes the heaters 41a-
615 of the heat rollers 40a-605 to operate to heat in accor-
dance with the relationship as shown in Table 1 previously
determined based on the printing state and increases the tem-
peratures of the heaters 41a-615 (ink drying apparatus (heat-
ing apparatus) 120-A) (steps S107a and S1075).

Next, based on the output of the temperature sensors 42a-
625, the control apparatus 80-A determines whether the tem-
peratures of the heat rollers 40a-605 reach the respective
setting temperatures (step S108).

Then, when the temperatures of the heat rollers 40a-605
reach the respective setting temperatures (YES in step S105
or S108), the print control section 90 drives the sheet supply-
ing apparatus 130, the feeding section 113, the supply feed
roller 30, and the discharge feed roller 70 via the feeding
control section 94 to feed the recording medium 10. In this
case, the front-surface image forming unit 111 and the rear-
surface image forming unit 112 of the recording apparatus
110 operate to discharge ink onto the recording medium 10 to
start printing operation (step S109).

Next, the control system 500 determines whether printing
in the recording apparatus 110 is finished (step S110).

After printing finishes (step S111), the control system 500
determines whether the edge end of the part where ink is
applied on the recording medium 10 is discharged from the
ink drying apparatus (heating apparatus) 120-A (step S112).
The determination whether the edge end of the part where ink
is applied on the recording medium 10 is discharged from the
ink drying apparatus (heating apparatus) 120-A is made
based on ink discharge timings of the front-surface image
forming unit 111 and the rear-surface image forming unit 112
and the statuses of the feeding sections such as the supply feed
roller 30, and the discharge feed roller 70.

For example, the determination may be made by calculat-
ing a required time period based on the feeding distance and
the feeding speed of the recording medium 10 and comparing
the required time period and a result of counting the time.
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When the edge end of the part where ink is applied on the
recording medium 10 is discharged from the outlet 79 of the
ink drying apparatus (heating apparatus) 120-A, the control
apparatus 80-A turns off the operating heaters 41a-615 of the
heat rollers 40a-605 to stop the ink drying apparatus (heating
apparatus) 120-A (step S113).

After that, the feeding control section 94 of the control
system 500 stops driving the sheet supplying apparatus 130,
the feeding section 113, the supply feed roller 30, and the
discharge feed roller 70, so as to stop the ink drying apparatus
(heating apparatus) 120-A (step S114).

Then, the print control section 90 of the control system 500
determines whether there is the next job (step S115). When
there is the next job, the process goes back to step S101 to start
preparing for the printing. When there is no next job, the
process ends (step S116).

According to the control described above, the recording
medium 10 is in contact with the first heat roller set 40 whose
temperature is the first setting temperature T1 which is the
lowest among the first heat roller set 40, the second heat roller
set 50, and the third heat roller set 60. By doing this, it
becomes possible to reduce the temperature difference
between the recording medium 10 and the heat roller(s) with
which the recording medium 10 is in first contact.

Accordingly, when compared with a case where the tem-
perature of all the heat rollers is set to the third setting tem-
perature T3 which is the highest temperature, it becomes
possible to prevent a sudden temperature increase of the
recording medium 10. Namely, it becomes possible for the
system 100-A of the ink drying apparatus (heating apparatus)
120-A to minimize a thermal load applied to the recording
medium 10. Also, it become possible for the system 100-A to
reduce the occurrence of damage (i.e., wrinkles, deformation
and the like) to the recording medium 10 due to the lower
thermal load.

In this third embodiment as well, the third heat roller set 60
supplies heat to the recording medium 10 sufficient to evapo-
rate moisture in ink so that the moisture in the ink is less than
or equal to a corresponding predetermined value. Therefore,
it becomes possible for the system 100-A to improve the
printing quality of image information formed on the record-
ing medium 10.

Further, the ink drying apparatus (heating apparatus)
120-A controls each of the heaters 41a-615 based on the type
of the recording medium 10 (e.g., type of the sheet) and the
printing mode (e.g., whether printing is performed on one of
the front surface and the rear surface or both if the position of
the image forming area differs).

By doing this, it becomes possible for the system 100-A to
reduce the thermal load to the recording medium 10 when
compared with the case where the same control is performed
regardless of single-sided printing or double-sided printing.
Further, it becomes possible to effectively prevent the occur-
rence of damage (e.g., wrinkles or deformation) due to ther-
mal load to the recording medium 10, the damage likely to
occur especially when the recording medium 10 is a continu-
ous form having an arbitrary length.

Fourth Embodiment

Next, with reference to FIGS. 14 through 16, a printing
system 200-A including a recording medium heating appara-
tus (heating unit) 350-A according to a fourth embodiment is
described. FIG. 14 is an exploded view of the recording
medium heating apparatus (heating unit) 350-A in its open
state. The configuration of the recording medium heating
apparatus (heating unit) 350-A in this embodiment is basi-
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cally similar to that of the recording medium heating appara-
tus (heating unit) 350 according to the second embodiment
except that a control apparatus 80-A is used in place of the
control apparatus 80.

Further, the recording medium heating apparatus (heating
unit) 350-A is used in the preprocessing apparatus (prepro-
cessing liquid application and drying apparatus) 220 in FIG.
7 in place of the recording medium heating apparatus (heating
unit) 350. Further, a preprocessing apparatus (preprocessing
liquid application and drying apparatus) 220-A according to
the fourth embodiment is a part of the printing system 200 of
FIG. 6.

In this embodiment, a printing system 200-A and the pre-
processing apparatus (preprocessing liquid application and
drying apparatus) 220-A are provided. In the following, the
same reference numerals are used to describe the same ele-
ments as those in the second embodiment, and the elements
(parts) differs from those in the second embodiment are
mainly described. Further, in this embodiment, the outline of
the recording medium heating apparatus (heating unit) 350-
A, the configurations of the preprocessing apparatus (prepro-
cessing liquid application and drying apparatus) 220-A and
the printing system 200-A are the same as those in the second
embodiment. Therefore, the descriptions thereof are basically
omitted except for referring to FIGS. 4, 6, and 7.

Similar to the third embodiment, the recording medium
heating apparatus (heating unit) 350-A includes a front-sur-
face heating unit 351 on the upper side thereof and a rear-
surface heating unit 352 on the lower side thereof. The front-
surface heating unit 351 includes the first front-surface heat
roller 4054, the second front-surface heat roller 505, and the
third front-surface heat roller 605. The rear-surface heating
unit 352 includes the first rear-surface heat roller 40a, the
second rear-surface heat roller 50a, the third rear-surface heat
roller 60a, and the discharge feed roller 70.

Further, there is formed the outlet 79 of the recording
medium heating apparatus (heating unit) 350-A, and there is
an outlet sensor 71 disposed near the outlet 79. Further, a
control apparatus 80-B and the outlet sensor 71 may be dis-
posed in either the front-surface heating unit 351 or the rear-
surface heating unit 352.

FIG. 15 is a control block diagram of the printing system
200-A according to the fourth embodiment. As illustrated in
FIG. 15, the control apparatus 80-B of the recording medium
heating apparatus (heating unit) 350-A is included in a con-
trol system 450 of the printing system 200-A. The control
apparatus 80-B of the recording medium heating apparatus
(heating unit) 350-A includes the front-surface heating con-
trol section 81, the rear-surface heating control section 82, the
CPU 83, and the memory 84.

Although not being illustrated, the control apparatus 80-B
further includes a RAM and a ROM storing a program to be
executed for heating, an I/O (input section) which controls the
input and output of an electric component such as a sensor,
and an I/F (interface section) for receiving data from a print
control section 90.

As the control sections of the preprocessing apparatus (pre-
processing liquid application and drying apparatus) 220-A,
there are the control apparatus 80-B of the recording medium
heating apparatus (heating unit) 350-A, an application con-
trol section 221 of the rear-surface application unit 33 and the
front-surface application unit 34, a feeding control section
222 for controlling the feeding and the like. Further, the
control system 450 includes the print control section 90 that
controls the entire printing system 200-A including the pre-
processing apparatus (preprocessing liquid application and
drying apparatus) 220-A and the like.
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Inthe preprocessing apparatus (preprocessing liquid appli-
cation and drying apparatus) 220-A, the application control
section 221 is connected to the rear-surface application unit
33 and the front-surface application unit 34 to control the
rear-surface application unit 33 and the front-surface appli-
cationunit 34. The feeding control section 222 is connected to
the outfeed roller 335, the feed roller 359, the dancer unit 380,
the air loop unit 320 and the like to control feeding of the
recording medium 10.

Further, the control system 450 is connected to the printing
system 200-A including the preprocessing apparatus (prepro-
cessing liquid application and drying apparatus) 220-A and
includes the print control section 90 that controls the entire
printing system 200-A and the like. The print control section
90 is connected to the operation panel 91, the personal com-
puter (including a server or the like) 92, the sheet supplying
apparatus 210, the first inkjet printer 230, the second inkjet
printer 250, the post drying apparatus 260, and the winding
apparatus 270 via plural data lines and the like. The print
control section 90 performs general control on the image
forming processes including a process of drying preprocess-
ing liquid.

The control apparatus 80-B of the recording medium heat-
ing apparatus (heating unit) 350-A includes the front-surface
heating control section 81, the rear-surface heating control
section 82, the CPU 83, and the memory 84 and the like.
Based on the information acquired from the connected appli-
cation control section 221, the feeding control section 222,
the print control section 90 and the like, the CPU 83 controls
the front-surface heating control section 81 and the rear-
surface heating control section 82.

The control apparatus 80-B controls the temperatures of
the heat rollers 40a-605 based on actuated conditions includ-
ing, for example, the temperatures of the heat rollers 40a-605
detected by the temperature sensors 42a-62b and the rota-
tional speed of the feed roller 359 for discharging and/or the
outfeed roller 335 for supplying.

The rear-surface heating control section 82 collectively
controls the first rear-surface heat roller 40a, the second rear-
surface heat roller 50a, and the third rear-surface heat roller
60a in the respective roller sets as the recording medium
rear-surface heat roller group. Further, the front-surface heat-
ing control section 81 collectively controls the first front-
surface heat roller 405, the second front-surface heat roller
504, and the third front-surface heat roller 6054 in the respec-
tive roller sets as the recording medium front-surface heat
roller group.

In this embodiment, to dry the applied preprocessing lig-
uid, the front-surface heating control section 81 and the rear-
surface heating control section 82 perform the heat control
similar to the control that is performed on the rear-surface
application unit 33 and the front-surface application unit 34,
and the front-surface image forming unit 111 and the rear-
surface image forming unit 112 in the third embodiment.

A detailed control method in the embodiment is similar to
that in the third embodiment described with reference to FIG.
12. Therefore, the repeated description thereof is omitted.

Further, in the third embodiment, it is ink that is evapo-
rated. In the fourth embodiment, it is the solvent of the pre-
processing liquid that is to be evaporated. However, the tem-
perature setting method in this embodiment is substantially
the same as that described above. Namely, the control is
performed based on the flow described below based on For-
mula (1) above and the controlled values as shown in FIG. 12.

Next, the operations of the printing system 200-A are
described with reference to the flowchart in FIG. 16. FIG. 16
is a flowchart illustrating the control performed in the printing
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system 200-A. As illustrated in FIG. 16, when an instruction
to start printing is issued from the operation panel 91 or the
personal computer (including a server or the like) 92 (step
S200), the printing system 200-A system starts the prepara-
tions for printing by the print control section 90 (step S210).

In this case, the print control section 90 recognizes (re-
ceives) the information items from the operation panel 91 or
the personal computer (including a server or the like) 92, the
information items indicating the printing state, the recording
medium, and the feeding of the recording medium, which are
used for determining the setting temperatures of the heat
rollers 40a-605 (step S220). The information indicating the
printing state refers to the information indicating whether the
printing is single-sided printing, rear-side printing, or double-
sided printing.

The information indicating the recording medium refers to
the information indicating, for example, the type (e.g., ordi-
nary sheet, coated sheet or the like), the width, the weight of
the recording medium. The information indicating feeding of
the recording medium refers to the information indicating, for
example, the feeding speed, the feeding amounts (corre-
sponding number of pages).

Next, the print control section 90 further recognizes the
information of the first inkjet printer 230 and the second inkjet
printer 250 from the operation panel 91 or the personal com-
puter (including a server or the like) 92, the information
indicating whether data (image) are recorded on the recording
medium 10. When data are recorded, the print control section
90 further recognizes, for example, the recording surface(s)
(i.e., single-sided or double-sided, and the front surface or the
rear surface in case of single-sided).

The information items recognized by the print control sec-
tion 90 are classified by the control apparatus 80-B of the
recording medium heating apparatus (heating unit) 350-A
into two cases: one is a case of double-sided printing where it
is necessary to heat both sides (i.e., the front surface and the
rear surface) of the recording medium 10, and the other is a
case of single-sided printing where it is necessary to heat one
side of the recording medium 10 (step S230).

In the case where it is necessary to heat both surfaces of the
recording medium 10, for example, the control apparatus
80-B causes the heaters 41a-61b of the heat rollers 40a-605 to
operate to have the heat roller setting temperatures deter-
mined based on the printing state as shown in Table 1. By
doing this, the temperatures of the recording medium heating
apparatus (heating unit) 350-A, which is the drying section of
the preprocessing apparatus (preprocessing liquid applica-
tion and drying apparatus) 220-A for drying the preprocess-
ing liquid of the are increased (step S240).

Based on the output of the temperature sensors 42a-62b,
the control apparatus 80-B of the recording medium heating
apparatus (heating unit) 350-A determines whether the heat
rollers 40a-605b are heated up to the respective setting tem-
peratures (step S250).

Further, when it is necessary to heat only one surface of the
recording medium 10 in step S230, the CPU 83 of the control
apparatus 80-B determines which of the recording medium
rear-surface heat roller group 40a, 50a, and 60a and the
recording medium front-surface heat roller group 405, 505,
and 6056 are to be heated (step S260).

Further, in the heat rollers 404-605 in the recording
medium rear-surface heat roller group and the recording
medium front-surface heat roller group, for example, the con-
trol apparatus 80-B causes the heaters 41a-615 of the heat
rollers 40a-605 to operate to heat in accordance with the
relationship as shown in Table 1 previously determined based
on the printing state. By doing this, the temperatures of the
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control apparatus 80-B of the recording medium heating
apparatus (heating unit) 350-A, which is the drying section of
the preprocessing apparatus (preprocessing liquid applica-
tion and drying apparatus) 220-A, is increased (steps S270a
and S2705).

Next, based on the output of the temperature sensors 42a-
625, the control apparatus 80-B determines whether the tem-
peratures of the heat rollers 40a-605 reach the respective
setting temperatures (step S280).

Then, when the temperatures of the heat rollers 40a-605
reach the respective setting temperatures (YES in step S250
or S280), the feeding control section 222 and the like drive the
sheet supplying apparatus 210, the feed-in (FI) roller 322, the
infeed roller 331, the outfeed roller 335, and the pressing
roller 339 to feed the recording medium 10. At the same time,
the feeding control section 222 operates the preprocessing
liquid application apparatus (preprocessing liquid applica-
tion unit) 330 to apply the preprocessing liquid onto the
recording medium 10 (step S290).

The control apparatus 80-B determines whether the part
(the edge end of the part) where the preprocessing liquid is
applied onto the recording medium 10 reaches an inkjet head
section (image forming section) 231 of the first inkjet printer
230 (step S300).

The determination whether the edge end of the part where
the preprocessing liquid is applied onto the recording
medium 10 reaches the inkjet head section (image forming
section) 231 is made based on the discharge timings of the
preprocessing liquid, the feeding amount of the outfeed roller
335, the feed roller 359, and the guide roller 382, the position
of the movable frame 384 and the like. For example, the
determination may be made by calculating a required time
period based on the feeding distance and the feeding speed of
the recording medium 10 and comparing the required time
period and a result of counting the time.

When the edge end of the part where the preprocessing
liquid is applied onto the recording medium 10 reaches the
inkjet head section (image forming section) 231 of the first
inkjet printer 230, the print control section 90 of the control
system 450 operates the first inkjet printer 230 to start printing
(step S310).

Similarly, when the edge end of the part where the prepro-
cessing liquid is applied onto the recording medium 10
reaches the inkjet head section (image forming section) 251
of'the second inkjet printer 250, the print control section 90 of
the control system 450 operates the second inkjet printer 250.

Next, the print control section 90 of the control system 450
determines whether printing is finished (step S320).

When printing is finished, the application control section
221 of the control system 450 stops the application of the
preprocessing liquid by the preprocessing liquid application
apparatus (preprocessing liquid application unit) 330 (step
S330).

Then, the control apparatus 80-B of the control system 450
determines whether the edge end of the part where the pre-
processing liquid is applied on the recording medium 10 is
discharged from the recording medium heating apparatus
(heating unit) 350-A (step S340). The determination whether
the edge end of the part where the preprocessing liquid is
applied on the recording medium 10 is discharged from the
recording medium heating apparatus (heating unit) 350-A is
made based on the discharge timings of the preprocessing
liquid, the feeding amount of the outfeed roller 335, the feed
roller 359, and the guide roller 382, the position of the mov-
able frame 384 and the like.

For example, the determination may be made by calculat-
ing a required time period based on the feeding distance and
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the feeding speed of the recording medium 10 and comparing
the required time period and a result of counting the time.

When the edge end of the part where the preprocessing
liquid is applied onto the recording medium 10 is discharged
from the recording medium heating apparatus (heating unit)
350-A, the front-surface heating control section 81 and the
rear-surface heating control section 82 turn off the operating
heaters 41a-615 of the heat rollers 40a-605, and the control
apparatus 80-B stops the operation of the recording medium
heating apparatus (heating unit) 350-A (step S350).

After that, the print control section 90 of the control system
450 stops feeding the recording medium 10 via the feeding
control section 222 of the preprocessing apparatus (prepro-
cessing liquid application and drying apparatus) 220-A, and
the feeding control section 94 for another feeding section 355
and the discharge feed roller 70 (step S360).

Then, the control system 450 determines whether there is
the next job (step S370). When there is the next job, the
process goes back to step S210 to start preparing for printing.
When there is no next job, the process ends (step S380).

According to the control described above, the recording
medium 10 is in contact with the first heat roller set 40 whose
temperature is the first setting temperature T1 that is the
lowest among the first heat roller set 40, the second heat roller
set 50, and the third heat roller set 60.

By doing this, it becomes possible to reduce the tempera-
ture difference between the recording medium 10 and the heat
roller(s) with which the recording medium 10 is in first con-
tact. Accordingly, when compared with a case where the
temperature of all the heat rollers is set to the third setting
temperature T3 which is the highest temperature, it becomes
possible to prevent a sudden temperature increase of the
recording medium 10.

Namely, it becomes possible for the system 200-A includ-
ing the preprocessing apparatus (preprocessing liquid appli-
cation and drying apparatus) 220-A having the recording
medium heating apparatus (heating unit) 350-A to minimize
a thermal load applied to the recording medium 10. Also, it
becomes possible for the system 200-A to reduce the occur-
rence of damage (i.e., wrinkles, deformation and the like) to
the recording medium 10 due to the lower thermal load.

In this fourth embodiment, the third heat roller set 60
supplies sufficient heat to the recording medium 10 to evapo-
rate the solvent in the preprocessing liquid so that the solvent
in the preprocessing liquid is less than or equal to a corre-
sponding predetermined value. Therefore, it becomes pos-
sible for the system 200-A to improve the printing quality of
image information formed on the recording medium 10.

Further, the control apparatus 80-B controls each of the
heaters 41a-615 based on the type of the recording medium
10 (e.g., type of the sheet) and the printing mode (e.g.,
whether the printing is performed on one of the front surface
and the rear surface or both if the position of the image
forming area differs). By doing this, it becomes possible for
the system 200-A to reduce the thermal load to the recording
medium 10 when compared with the case where the same
control is performed regardless of single-sided printing or
double-sided printing.

Further, it becomes possible to effectively prevent the
occurrence of damage (e.g., wrinkles or deformation) due to
thermal load to the recording medium 10, the damage likely
to occur especially when the recording medium 10 is a con-
tinuous form having an arbitrary length.

In the above first, second, third, and fourth embodiments, a
case is described where the systems 100, 200, 100-A, and
200-A include three heat roller sets 40, 50, and 60. However,
the number of the heat roller sets may be two or four or more.
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Further, in the above first and second embodiments, a case
is described where each of the heat roller sets includes two
heat rollers. However, the number of heat rollers in the heat
roller set may be three or more. Further, the number of the
heat rollers may be separately determined among the heat
roller sets.

As described above, according to an embodiment, it may
become possible to heat the recording medium without caus-
ing damage to the recording medium 10.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teaching herein set forth.

What is claimed is:

1. A recording medium heating apparatus, comprising:

a plurality of heat roller sets disposed in a feeding path of

a recording medium, wherein each of the heat roller sets
includes a first heat roller having a heating unit and a
second heat roller having a heating unit; and

a control circuit configured to control temperatures of the

heating units so that an average temperature of a first
heat roller set is lower than an average temperature of a
second heat roller set, and the first heat roller and the
second heat roller of each of the first and second heat
roller sets have different temperatures, wherein the first
and the second heat roller sets are included in the plu-
rality of heat roller sets, and the first heat roller set is
disposed on anupstream side of the second heat roller set
in the feeding path.

2. The recording medium heating apparatus of claim 1,
wherein each of the heat roller sets includes a heat roller
having a heating unit and being in contact with one surface of
the recording medium and another heat roller having a heat-
ing unit and being in contact with another surface of the
recording medium.

3. The recording medium heating apparatus according to
claim 2,

wherein the heat rollers are arranged in a zigzag manner.

4. The recording medium heating apparatus according to
claim 3,

wherein the heat rollers arranged in the zigzag manner are

included in either a one-surface heat roller group or an
another-surface heat roller group, the one-surface heat
roller group including the heat rollers that are to be in
contact with the one surface of the recording medium,
the another-surface heat roller group including the heat
rollers that are to be in contact with the another surface
of the recording medium.

5. A system comprising:

the recording medium heating apparatus according to

claim 1; and

a recording apparatus disposed on an upstream side of the

recording medium heating apparatus in the feeding path
of the recording medium and configured to adhere ink to
the recording medium.

6. A system comprising:

the recording medium heating apparatus according to

claim 2; and

a recording apparatus disposed on an upstream side of the

recording medium heating apparatus in the feeding path
of the recording medium and configured to adhere ink to
the recording medium.

7. A system comprising:

the recording medium heating apparatus according to

claim 1; and
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a preprocessing apparatus disposed on an upstream side of
the recording medium heating apparatus in the feeding
path of the recording medium and configured to apply
preprocessing liquid to the recording medium.

8. The recording medium heating apparatus according to
claim 1, wherein a temperature of either the first heat roller or
the second heat roller is set to a waiting temperature when one
surface of the recording medium is to be dried.

9. A system, comprising:
a recording medium heating apparatus including

a plurality of heat roller sets disposed in a feeding path of
arecording medium, wherein each of the heat roller sets
includes a heat roller having a heating unit and being in
contact with one surface of the recording medium and
another heat roller having a heating unit and being in
contact with another surface of the recording medium;
and
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a control circuit configured to control temperatures of the
heating units so that the temperature of the heat roller of
a first heat roller set is lower than the temperature of the
heat roller in a second heat roller set, and to control
temperatures of the heating units so that the tempera-
tures of the heating units of a one-surface heat roller
group of the recording medium are different from the
temperatures of the heating units of an another-surface
heat roller group of the recording medium,

wherein the first and the second heat roller sets are included
in the plurality of heat roller sets and the first heat roller
set is disposed on an upstream side of the second heat
roller set in the feeding path; and

a preprocessing apparatus disposed on an upstream side of
the recording medium heating apparatus in the feeding
path of the recording medium and configured to apply
preprocessing liquid to the recording medium.
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